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(54) Head supporting mechanism 

(57) A load beam (20) is attached to an actuator arm 
that is allowed to rock around a pivotal axis by a voice 
coil motor, etc., as a slider supporting member, the base 
end of a flexure (30) is attached to the load beam (20) 
with the free end thereof being left, a slider supporting 
member (32) is attached to the top portion of the flexure 
(30), a slider (50) on which a recording/reproduction 
head (60) is installed is secured to the slider supporting 
member (32), and the slider supporting member (32) is 
supported by a protrusion (28) placed on the free end 
side of the load beam (20) so as to be freely pivot ther- 
eon. Portions of the flexure (30) corresponding to both 
of the sides of this protrusion (28) are constituted by 
elastic hinge portions, each having a necked shape. A 
pair of thin-film piezoelectric elements (40a : 40b) are 
bonded to the flexure (30) as displacement members. 
In atracking compensation operation of the head : forces 
are exerted on the slider supporting member (32) 
through the elastic hinge portion by extending and con- 
tracting operations of the pair of thin-film piezoelectric 
elements so that the slider (50) is allowed to pivot 
around the protrusion (28) of the load beam serving as 
the center of pivotal movements, together with the slider 
supporting member (32). 



FIG. 2 
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Description 

BACKGROUND < ~ >t - THE jNVENTTQN 
Field of the Invention 

[0001] The present invention relates to a head sun 

d.um m an information recording apparatus 9 
Description of tha R^t^ ^ 

====== 

skier The head supporting mechanism is attached to 
an ac uator arm that is driven by a voice coi moto 
(VCM) servmg as a driving source 

[0003] A suspension arm is attached to the actuator 
am, that . driven by the vojce ^ motQr the ac t a tor 

ESSTZa"? the head slider is attached <° *»™ 

pension arm. A fine-movement actuator utilizino a fhin 
Mn i Piezoelectric element is interpolate,! Se„ t h e 
actuator arm and the suspension arm so that the sus 
pens-on arm is allowed to pivot by driving the fine move" 

~ZZ ereby a,,0Win9 the head - *zz 

nea 0 d 4 L? r reat ShiftS SUCh 35 8 Seeki "9 °P^on of the 
motor a d nd r r t T** ° Ut by the voice Z 

motor, and the tracking compensation for landinq-on a 
track is earned out by controlling the fine-movemem ac 

[0005] However, recent developments of high record 

peers'" reC ,° rd / ng ^ and the -sSgTgt 
speed m atl0n of the record ^ g gn 

Place so fast that it is sometimes difficult for the head 
supporting mechanism of the above mentioned ar 
rangement to follow the developments ment '° ned ar " 

£2 the Th C3Se ° f the h6ad Sup P° rtin 9 mechanism 
having the above-mentioned arrangement the entire 
suspe l 0n arm includjng ^ Omjn ^ , et 

the f ne-movement actuator. However the suspension 
arm ,s considerably long, and has a g eat mass wZ 
great moment of inertia. Forthis reason ^^he traclino 
compensation forpositjonj on a tameurack 

prov.de a high-speed response with high precision " 
SUMMARY O F THE INVFIMTIdm 

[0007] Therefore, the main objective of the present in 

I l2: id - porting mec^anTsm of" 
an information recording apparatus that can achieve a 
h.gh-speed responding property and a high-precisfon 
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CS* traCki " 9 C0 «- ^r a 

[0008] Another objective of the present invention is to 

. tE e , ahe : dsuM 

[0009] still another objective, feature and advantaoe 

ZtZT mvemon wi " be c,arified * 'oSg 

" Sheir; t0 S0 ' Ve ab — entioned sub- 
jects, the present mvention relating to the head suon„ rt 
jng mechanism is provided with tf?e foilowin meaT" 
1001 1] a slider-supporting beam is attached to an ar 
**or arm that shifts relative to a recording medium A 
« slider supporting member is supported on a fTe. < 

A d ,sp.acement member is connected to the S,d er sup 
port mg me mber, and based upon the operation of the 
d s placement of the displacement member the s ider 
20 SLipportingmemberis allowedtopivotaroundthln 

placement member „ djrect|y or ^he d,s 

s ider supporting beam. The connecting point of the L 

- 1 7Z7 a r mber and thC S ' ider su ^ng memt; 
UT?i P0S,t '° n different from the pivotal center 
ow s at ^ d d S e P r laCement ° f dis P'-ment membe 
pScenS; ^ SUPP ° rt,n ^ e ^topivotaroundthe 

*> nS tie o^:° rdS ' h6ad SUpp ° rtin 9 da- 
nism of the present invention is provided with a slinw 

a°ndtmtL headf0 ; reCOrdin9 an! ! ^oduc^ da S'n 
and from the recording medium is installed, a sMdersun 
Port-ng member for supporting the slider, a de Z 

- a'Sr a 6 r "^Tf "* ° f Wh,Ch is ^ "he 
actuator arm and the free end of which is provided wtth 

Ion h S T° rtin9 member so as ^ freely P vol S 
eon, and a displacement member ^™ 

Placement so that the slider supporting member! at 
tuuijj Here, the relative shifts of the actuator arm 

[0015] in the case when the slider supporting beam is 
[0016] , n contrast, in the present invention, the slider 
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supporting member is allowed to pivot around the pivotal 
center within the area range of the slider supporting 
member itself. The pivotal centers of the slider and the 
slider supporting member that are the subjects of the 
pivot need not be coincident with the center of gravity of 5 
the slider; however, they are certainly placed within the 
area of the slider supporting member. The slider sup- 
porting member is supported within the area range so 
as to freely pivot therein so that the effective radius of 
the pivot is sufficiently small as compared with the case 
in which the slider supporting beam is allowed to pivot. 
Moreover, the subjects of the pivot are the slider and the 
slider supporting member, and their masses are smaller 
than the mass of the slider supporting beam containing 
the slider. The moment inertia of the two members, that 
is, the slider and the slider supporting member, is small- 
er than the moment inertia of the three members, that 
is, the slider, the slider supporting member and the slider 
supporting beam; therefore, it is possible to set smaller 
the driving torque of the slider and the slider supporting 
member caused by the operation of the displacement 
member. Moreover, since they have a small dimension 
and light weight, it is possible to improve the response 
characteristic and precision in the tracking compensa- 
tion for positioning to a target track when the head has 
a positional deviation from the target track. In other 
words, the present invention makes it possible to pro- 
vide a head supporting mechanism of an information re- 
cording apparatus which can make a fine displacement 
on the head with high precision at high speeds . 
[0017] In a preferred embodiment of the above-men- 
tioned head supporting mechanism, the pivotal center 
at which the slider supporting member is supported to 
freely pivot thereon by the slider supporting beam is set 
to a position corresponding to the center of gravity of the 
slider or the vicinity thereof. 

[0018] The displacement of the displacement mem- 
ber allows the slider supporting member to pivot around 
the pivotal center together with the slider; and in this 
case, when the pivotal center is set at the position of the 
center of gravity of the slider, it is possible to smoothly 
carry out the pivotal movement of the slider caused by 
the displacement of the displacement member. 
[001 9] In another preferred embodiment of the above- 
mentioned head supporting mechanism, a pair of the 
above-mentioned displacement members are placed in 
a symmetric manner. The pair of displacement mem- 
bers are placed symmetrically with respect to the center 
line along the length direction of the slider supporting 
beam passing through the center of rotation of the slider 
supporting member. Moreover, either one of the paired 
displacement members is extended, with the other be- 
ing contracted, so that they are allowed to carry out re- 
spective operations in directions opposite to each other. 
[0020] This is a translational arrangement of a link 
mechanism, and with respect to the operations for al- 
lowing the slider to pivot together with the slider support- 
ing member around the pivotal center, the pivotal oper- 



ation in the clockwise direction and the pivotal operation 
in the counterclockwise direction are made equivalent 
to each other. In addition, both of the pivotal operation 
in the clockwise direction and the pivotal operation in 
the counterclockwise direction allow the pivotal move- 
ment of the slider to become more smoother. Here, with 
respect to the translational link mechanism, a pair of dis- 
placement members are not necessarily set in parallel 
with each other. 

[0021] In still another preferred embodiment of the 
above-mentioned head supporting mechanism, the slid- 
er supporting beam is formed as a load beam having an 
elasticity, and this load beam and the slider supporting 
member are connected to each other through a flexure 
that is a flexible wiring substrate for providing wiring to 
the head in the slider, and a protrusion placed on the 
free end of the load beam is allowed to contact the slider 
supporting member so that the above-mentioned pro- 
trusion supports the slider supporting member so as to 
freely pivot thereon centered on the protrusion serving 
as the pivotal center. 

[0022] The slider supporting beam is designed as a 
load beam having an elasticity. The flexure is secured 
to the load beam with one portion thereof being not se- 
cured, a slider supporting member is attached to the por- 
tion of the flexure that is not secured. The protrusion on 
the free end of the load beam presses the slider sup- 
porting member attached to the flexure toward the re- 
cording medium, thereby applying a load thereon. 
[0023] The slider, which faces the surface of the re- 
cording medium rotating at a high speed, is allowed to 
float by a pressure caused by air currents generated on 
the surface of the recording medium. Even when the 
surface of the recording medium has a waved form, the 
flexure and load beam are properly combined so that 
the fine gap distance between the slider and the record- 
ing medium is maintained at a predetermined range. In 
other words, it is possible to improve the floating char- 
acteristic of the slider. 

[0024] In a preferred embodiment of the above-men- 
tioned arrangement, the displacement member is 
formed by a thin-film piezoelectric element, and this thin- 
film piezoelectric element is bonded to the flexure. The 
thin-film piezoelectric element is fine in dimension, the 
thickness is sufficiently thin with a sufficiently light 
weight, and the operational characteristic in extension 
and contraction at the time of the voltage control is sta- 
ble. By bonding the thin-film piezoelectric element to the 
flexure, it is possible to easily arrange the displacement 
member in the vicinity of the slider supporting member. 
[0025] In a preferred embodiment in the above-men- 
tioned arrangement, in the above-mentioned flexure, at 
two portions that are symmetrical with respect to the 
center line along the length direction of the load beam 
passing through the protrusion of the load beam, a pair 
of elastic hinge portions, each having a necked shape, 
are formed. In this case, with respect to the displace- 
ment member, it does not make any difference whether 
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-not it is p rovided as the thin-Mm pie 2 oe,ectric e.e- 
E thmunh SUPPOrtln9 member ' atta ^ed to the 

SSL XT^TZT " ,e ,a "' ns « - -* 

member are smoothly achieved with™ ,t ^ 
compensation for the head Z ' 6 track,ng 



case, it is possible to transmit the driving force of th* 
from the strainht ii„ * S to be se Parated 

■long Ite tengmwfe. areata of L tafl r^l ? 

S 3 Preferab,e embodiment in the above-men 
0nnect t0 the m ^'n section for the con- 
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nection to the flexure, thereby allowing the protrusion 
on the load beam to contact as well as fixing the slider 
in its center of gravity or in the vicinity thereof. 
[0036] The protrusion on the free end of the load 
beam supports the slider on its center-of-gravity or in 
the vicinity thereof through the slider center-of-gravity 
holding section of a slider supporting member, and also 
provides the center of the pivotal movement to the slider. 
Thus, the relative orientation angle of the slider with re- 
spect to the load beam, in particular, the setting of the 
inclination in the pitching direction, can be accurately 
achieved by simple methods, that is : the adjustments of 
the protruding amount of the protrusion and the dimen- 
sion of the slider center-of-gravity holding section. 
[0037] The relative inclination in the pitching direction 
of the slider with respect to the recording medium is de- 
termined in various manners depending on the specifi- 
cations in the information recording apparatus. In re- 
sponse to each of the variations, not an arrangement in 
which each of all the constituent elements is modified 
so as to be applied to each specification, but an arrange- 
ment in which the load beam and slider are set as com- 
monly-used components and the dimension of the slider 
center-of-gravity holding section is adjusted in the slider 
supporting member is utilized. In other words, the set- 
ting of the relative inclination in the pitching direction in 
the slider with respect to the recording medium is easily 
carried out, thereby making it possible to provide a su- 
perior floating characteristic of the slider. 
[0038] In a preferable embodiment in the above-men- 
tioned arrangement, the above-mentioned slider sup- 
porting member is provided with a mass balancing sec- 
tion for balancing the mass of the main section with re- 
spect to the slider center-of-gravity holding section, in 
addition to the main section and the slider center-of- 
gravity holding section. 

[0039] In the flexure, the slider supporting member is 
attached to the free end side as compared with the elas- 
tic hinge portion; and in order to provide a preferable 
floating characteristic forthe slider, the slider supporting 
member needs to be set free from the portion to which 
the thin-film piezoelectric element is bonded in the flex- 
ure. However, in contrast, the slider supporting member 
is preferably arranged so as to support the slider on its 
center of gravity. In this case, without any modification, 
the shape of the slider supporting member would cause 
degradation in the entire mass balance with respect to 
its slider center-of-gravity holding section. This arrange- 
ment is made because in the flexure, it is not preferable 
to make the slider supporting member in contact with 
the portion to which the thin-film piezoelectric element 
is added. 

[0040] For this reason, the above-mentioned mass 
balancing section is installed so as to provide a well- 
balanced mass as a whole. The protrusion on the load 
beam supports the slider supporting member on its cent- 
er of gravity, and also indirectly supports the slider on 
its center of gravity or on the vicinity thereof . In other 



words , the entire portion of the subject of the pivotal 
movement including the slider supporting member and 
the slider can be supported in a well-balanced manner; 
therefore, it is possible to improve the floating charac- 
5 teristic of the slider in both of the pitching direction and 
the rolling direction. 

[0041] In a preferable embodiment in the above-men- 
tioned arrangement, the above-mentioned slider center- 
of-gravity holding section has an arrangement in which 
10 a portion extending integrally from the main section of 
the slider supporting member is formed by a bending 
process. Thus, it is possible to simplify the structure for 
easily setting the inclination of the slider in the pitching 
direction. 

15 [0042] Moreover, in a preferable embodiment in the 
above-mentioned arrangement, the above-mentioned 
slider center-of-gravity holding section is formed by in- 
tegrally molding it together with the molding process of 
the wiring-use flexible substrate of the flexure. Thus, it 

20 is possible to provide a smooth yawing operation of the 
slider while maintaining a sufficient degree of freedom 
in the pitching operation and the rolling operation of the 
slider. It is also possible to easily form the slider center- 
of-gravity holding section. 

25 [0043] In a preferable embodiment in the above-men- 
tioned arrangement, the above-mentioned pair of elastic 
hinge portions are placed within a slider area range 
when viewed in the stacking direction of the slider and 
the slider supporting member. 

30 [0044] In the case when a pair of elastic hinge portions 
are placed outside the slider area range, the distance 
from the pivotal center to the elastic hinge portion is 
long. The angle in which the slider is allowed to pivot is 
small with respect to an extension or a contraction at a 

35 fixed dimension of the displacement member. In the 
case when the angle 6 is minute, if 9 is represented by 
a radian unit, the following equation is satisfied with re- 
spect to a minute deviation e in the displacement mem- 
ber in the radius rfrom the pivotal center 

40 

G = e/r 

Thus, the smaller the radius r, the greater the pivotal 
45 angle 6. By placing the pair of the elastic hinge portions 
within the slider area range, it is possible to make the 
pivotal angle of the slider greater with respect to a fixed 
displacement of the displacement member. Conse- 
quently, it is possible to improve the responding property 
so in the tracking compensation. 

[0045] Here, in the case when a pair of elastic hinge 
portions are placed within the area range of the slider, 
the arrangement of the above-mentioned mass balanc- 
ing portion becomes more beneficial. 
55 [0046] In a preferable embodiment of the above-men- 
tioned arrangement, the thin-film piezoelectric member 
is constituted by a plurality of piezoelectric elements that 
are stacked, with the voltage-applying directions of the 
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the flexure is increased Lf h ' the Strength of 

* possible to present th. ^ IT"* 8 S ° that if become * 
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electnc member and also to prov.L a mor! 2« ^ P 2 °" 
« member C ° ntract,on of thm-film piezoelectric 

flexure which ha* fl n ^T ^ u h ' S port,on of the 
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magneto-optical disk apparatus, are listed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0058] These and other objects ; advantages, fea- 5 
tures, and uses of the invention will become more ap- 
parent from the following description of preferred em- 
bodiments of the invention with reference to the accom- 
panying drawings wherein: 

10 

FIG. 1 is a perspective view that shows the entire 
structure of a head supporting mechanism in ac- 
cordance with an embodiment of the present inven- 
tion; 

FIG. 2 is a perspective view that shows a head sup- 15 
porting mechanism in an exploded manner in ac- 
cordance with the embodiment of the present inven- 
tion; 

FIG. 3 is a perspective view that shows a slider of 
the head supporting mechanism in accordance with 20 
the embodiment of the present invention; 
FIG. 4 is a perspective view that shows a structure 
of a flexure of the head supporting mechanism in 
an exploded manner in accordance with the embod- 
iment of the present invention; 25 
FIG. 5 is a side view that shows the slider portion 
in the head supporting mechanism in an enlarged 
manner, in accordance with the embodiment of the 
present invention; 

FIG. 6 is a plan view that shows a thin-film piezoe- 30 
lectric unit in the head supporting mechanism in ac- 
cordance with the embodiment of the present inven- 
tion: 

FIG. 7 is across-sectional view taken along line A-A 
in FIG. 6. 35 
FIG. 8 is a plan view that shows the top portion of 
the flexure in the head supporting mechanism in ac- 
cordance with the embodiment of the present inven- 
tion; 

FIG. 9A is a cross-sectional view taken along line <*o 
B-B in FIG. 8. 

FIG. 9B is a cross-sectional view that is irregularly 
cut so as to clearly show the wiring state of FIG. 8; 
FIG. 1 0 is a side view that shows the head support- 
ing mechanism in accordance with the embodiment 45 
of the present invention; 

FIG. 11 A is an explanatory view that shows driving 
system of a thin-film piezoelectric unit in the head 
supporting mechanism in accordance with the em- 
bodiment of the present invention; so 
FIG. 11 B is a waveform diagram of an applied volt- 
age to one of thin-film piezoelectric elements of the 
thin-film piezoelectric unit in the head supporting 
mechanism in accordance with the embodiment of 
the present invention; 55 
FIG. 11C is a waveform diagram of an applied volt- 
age to the other thin-film piezoelectric element of 
the thin-film piezoelectric unit in the head support- 
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ing mechanism in accordance with the embodiment 
of the present invention; 

FIG. 12A is a plan view that explains the operation 
of the head supporting mechanism in accordance 
with the embodiment of the present invention; 
FIG. 12B is a drawing that explains the principle of 
the operation of the head supporting mechanism in 
accordance with the embodiment of the present in- 
vention; 

FIG. 13A is a schematic plan view that explains the 
advantage of a mass balancing portion in the head 
supporting mechanism in accordance with the em- 
bodiment of the present invention; 
FIG. 13B is a schematic plan view that shows a 
comparative example in which the mass balancing 
portion is omitted; 

FIG. 14A is a plan view that explains the effective 
radius of the pivotal movement and the suppressed 
state of a reactive force against the pivotal move- 
ment and prevention of reactive force in pivotal 
movement of the slider in the head supporting 
mechanism in accordance with the embodiment of 
the present invention; 

FIG. 14B is a plan view that shows a comparative 
example that has a greater effective radius; 
FIG. 14C is a plan view that shows a comparative 
example in which a reactive force is generated in a 
pivotal movement; 

FIG. 14D is an explanatory drawing that shows the 
operation of the comparative example; 
FIG. 15A is an explanatory drawing that shows a 
positional relationship between the center of pivotal 
movements of the slider supporting member of the 
head supporting mechanism and the pair of the 
elastic hinge portions in accordance with the em- 
bodiment of the present invention; 
FIG. 15B is an explanatory drawing that shows the 
operation of the head supporting mechanism in ac- 
cordance with the embodiment of the present inven- 
tion; 

FIGS. 15C to 15E are explanatory drawings of a 
comparative example; 

FIG. 16A is an explanatory drawing that shows a 
positional relationship between the center of gravity 
of a subject of the pivotal movements consisting of 
the slider supporting member and the slider and the 
center of pivotal movements in the head supporting 
mechanism in accordance with the embodiment of 
the present invention. 

FIG. 16B is an explanatory drawing that shows the 
operation of the head supporting mechanism in ac- 
cordance with the embodiment of the present inven- 
tion; 

FIGS. 16C to 16E are explanatory drawings of a 
comparative example; 

FIG. 17A is a cross-sectional view that shows a 
structure in which the neutral axis of the flexure and 
the neutral axis of the thin-film piezoelectric element 
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fnT mi n h ident With 6aCh ° ther in ,he hea d s"PPort- 
■ng mechamsm in accordance with the embedment 
of the present invention: «u<ment 
FIGS. 17B and 17C are explanatory drawinqs of a 
comparative example; and Fig. 1 7? S hows a state 
■nwn.cn a mechanics resonance is generated 
tuS of «" t PerSpective drawing that shows a struc- 
ture of another embodiment (modified slider cente^- 

SE? supporting section) of the 

FIG. 19 is a plan view that shows a structure of a 
magnet disk apparatus; Mructure of a 
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Sbv I"" th6Se fi9Ur6S ' Hke com P°nents are indi- 
cared by the same numerals. 

ggfAILED DESCRIPTION OF THE PREFERRFn 
EMBODIMENTS ~ ™tr-ERR E r> 

[0060] Referring to Figures, the following description 
w.ll d,scuss preferred embodiments of the head suono* 
mg mechanism of an information recj^^l 
jn accordance with the present invention. 9 

ZIL ■ 19 that Sh ° WS the structur * <* a mag- 
netic d.sk apparatus, reference number 70 is a magnetto 
disk 1 1S a spindle motor fQr mag ™° n Z 

iT^tZTr^ supportin9 tt in *• 

2 is a head actuator. The head actuator 2 is provided 

actuator arm 4, and a slider 50 attached to the free end 
s.de of the slider supporting beam 20. The Sder 50 * 
provided with a head. Reference numeral 7 is a oeSl 
nent magnet attached to a box-shaoed hoH>, ? 
so as to face the coil 6 In FIG 19 T ^ * 
beam 20 and the s.ider 50 c 0 rr eS p d 
porting mechanism 100. d sup " 

!S? »^' G w 1 Sh ° WS 8 head su PP°«ing mechanism 
oresi With 3 preferred embodiment of the 

inn ^ r ent ' 0n ' 8nd F,G - 2 shows »» head support 
«ng mechanism 100 in an exploded manner Mm - 
spec, to the constituent elements, the head supZi™ 
rnechan,sm 100 is mainly constituted by a base S 

beam 20 S » u ■ T * head 60 - The load 

example of a displacement member ^ 
[0063] The base plate 10 is attached to the actuator 
arm 4 shown in FIG. 19. The load beam 20 ^fixed to 
the base pfete 10 on its base end side. The load beam 
20 has an elastic property in the normal direction to it" 
Plate ace. A protrusion 28, which forms the center o! 
P.vota. movements of the slider 50, is placed on thtf ee 



oer J2 .s supported on the protrusion 28 in a manner <so 
as to freely pivot thereon. The slider 50 is Te ™ he 

s the S s :d P e P r5 r 0 n A r mber * ^ ^ 60 is ^l ed 
on the sl.der 50. A flexure 30 is placed between the slirW 
supporting member 32 and the load beam 20 an ex 

Id tTtL^ nner A thi "- fi,m pieZOe,ectric -it 40 s bond 
Jblnied I? 3 °- S,iders "PPorting member 32 

[0064] The slider supporting member 32 is allowed to 
P-vot around the protrusion 28 serving as the ce^w r 

eratoons of the th,n-f,lm piezoelectric unit 40. The flexure 

wh ich J TeTn n S '° ad b6am 20 6XCept the on 
which the thin-f.lm piezoelectric unit 40 and the slider 

oHh!! a Her f inafter ' deta «ed explanations will be given 
of the respective parts. y 

[0066] As illustrated in FIG 1 and Pir- o *u 

boa 20 is proved w*h a £J J?* 'that s 

hrouoH f o e r P ' ate 1 ° ^ ashort rectangular shape 
through, for example, a beam welding process a neVk 
portion 22 extended from the base end 21 1 ma nn " 
so as to be narrowed toward th P ton o„ manner 
23 formed in the -^^5^^^ 

cTnSTh 24 T nded ,inear ' y in « -nner s^aTto 
wardS too ! POrti ° n 22 and t0 be ""W* to- 
too of th! S" SUpp0rt,n 9 secti0 " 25 connecting to the 
top of the beam mam section 24, and a pair of reoulat no 
sections 26a and 26b that are allowed to Le on bit of 
he nght and left sides of the supporting sectfon 25 Pof 
Jons on both of the sides of £cp3£S£££ 
the neck section 22 is constituted by a pair of pfa e 
spnng sections 27a and27b. A protrusion 28 fs ntearal v 

~ Son T2 °" ■*! CSntral P0rti0n of ther P po 9 S 
sect on 25. The pair of regulating sections 26a anri prk 

are .early extended toward the'base end 21 f om the 

top of the supporting section 25 in parallel with eacTotn 

- memlersU ^ 4 ' the " eXUre 30 has «™ 
t£Z u constitue nt elements, that is a 

exu e substrate 31, as.ider supporting member^ I 

u^LTLr «r te 33 connectin9 these 

substrate 31 and sl.der supporting member 32, a head- 
use w.re 34 provided on the wiring substrate 33 as a 

wSTThTf? 9 ^ 

Im. ml he "f uresub ^ate31 andtheslidersupport- 
mg member 32 are made of metal, or more preferablv 

stainless steel. The wiring substrate 33 is cons fuS 
sn msu.at.ng film made of a po.yimide resin etc The 

w^ '^JZ 34 T piezoele ot- member-I e 
rooLi a ^ Pattemed on th e wiring substrate 33 

uTwre^^ 

w,res 35. Refemng to FIG. 8, these are explained 
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FIG. 8 shows the wiring substrate 33 and the slider sup- 
porting member 32 without discriminating these mem- 
bers. With respect to the constituent elements of the pi- 
ezoelectric member-use wire 35, one is a first piezoe- 
lectric member-use wire 35a, another is a second pie- 
zoelectric member-use wire 35b and the other is a third 
piezoelectric member-use wire 35c. Besides these, a 
pair of ground wires 35d for setting the slider 50 to the 
ground level are placed. 

[0069] As illustrated in FIG. 2, the wiring substrate 33 
in the flexure 30 is provided with a flexible substrate 
main section 33X that is joined to the beam main section 
24 of the load beam 20 except its top side, an external 
connecting terminal holding section 33Y that is joined to 
the base end 21 of the load beam 20 and a connecting 
section 33Z that couples the substrate main section 33X 
and the terminal holding section 33Y into a crank shape 
all of which are integrally arranged. 
[0070] As illustrated in FIG. 4 and FIG. 8, the sub- 
strate main section 33X in the wiring substrate 33 is pro- 
vided with tong-shaped piezoelectric member support- 
ing portions 33a and 33b, a slit 33c located between 
these, a pair of elastic hinge portions 33d and 33e that 
are respectively formed on the top sides of the piezoe- 
lectric member supporting portions 33a and 33b, each 
having a locally thin width with a necked shape, and a 
flexure top end 33f for connecting the two members on 
further end sides of elastic hinge portions 33d and 33e, 
all of which are integrally arranged. The slit 33c is ex- 
tended from the area of the piezoelectric member sup- 
porting sections 33a f 33b to the flexure top end 33f. In- 
cluding the elastic hinge portions 33d and 33e ; the entire 
wiring substrate 33 is made from a polyimide resin, etc., 
so that it also serves as an insulating film for the head- 
use wire 34 and the piezoelectric device-use wire 35. 
[0071] The pair of elastic hinge portions 33d and 33e 
are placed at positions that are symmetrical with respect 
to the center line along the length direction of the load 
beam 20. More specifically, the pair of elastic hinge por- 
tions 33d and 33e are placed on a straight line in a right- 
angle direction with respect to the center line of the load 
beam 20, which passes through the protrusion 28 of the 
load beam 20. 

[0072] As illustrated in FIG. 8, the head-use wire 34, 
patterned on the wiring substrate 33, includes a first 
head wire 34a and a second head wire 34b that are 
placed along the left side and a third head wire 34c and 
a fourth head wire 34d that are placed along the right 
side. These wires are extended to the flexure top end 
33f where they respectively form lands 34a*, 34b', 34c' 
and 34d\ 

[0073] A first head wire 34a and a second head wire 
34b are placed on the outside edge of the piezoelectric 
supporting portion 33a on the left side, and a ground 
wire 35d is placed along the slit 33c on the inner edge. 
The first and second head wires 34a and 34b are re- 
spectively extended to the flexure top portion 33f where 
they respectively form lands 34a* and 34b'. Moreover, a 



third head wire 34c and a fourth head wire 34d are 
placed on the outside edge of the piezoelectric support- 
ing portion 33b on the right side, and a ground wire 35d 
is placed along the slit 33c on the inner edge. The third 
5 and fourth head wires 34c and 34d are respectively ex- 
tended to the flexure top portion 33f where they respec- 
tively form lands 34c 1 and 34d\ 

[0074] As illustrated in FIG. 8, the land 35c' of the third 
piezoelectric member-use wire 35c is placed in the vi- 
cinity of the inner side end of the slit 33c, and the land 
35a' of the first piezoelectric member-use wire 35a and 
the land 35b' of the second piezoelectric member-use 
wire 35b are placed on the right and left sides of the land 
35c* in a symmetrical fashion. The land 35d' of the 
ground wire 35d is placed in the vicinity of the top end 
side of the slit 33c from which it passes through both of 
the sides of the slit 33c, and is connected to the land 
35c' of the third piezoelectric device-use wire 35c. 
[0075] As illustrated in FIG. 4, in its manufacturing 
process, the flexure 30, constituted by the flexure sub- 
strate 31 , the slider supporting member 32 and the wir- 
ing substrate 33 : is molded onto a stainless steel plate 
that is an original form of the flexure substrate 31 and 
the slider supporting member 32, in a manner so as to 
coat the head-use wire 34 and the piezoelectric mem- 
ber-use wire 35. After the molding process, a trimming 
process is carried out on the stainless steel plate 
through etching to form the flexure substrate 31 and the 
slider supporting member 32. Consequently, in its 
shape, theflexure substrate 31 andtheslidersupporting 
member 32 are connected to each other through the wir- 
ing substrate 33. 

[0076] For convenience of explanation, with respect 
to the slider 50, apitching direction Dp, a rolling direction 
Dr and a yawing direction Dy are given in FIG. 1 and 
FIG. 4. 

[0077] The pitching direction Dp represents a rocking 
direction around the axis in the width direction of the load 
beam 20, the rolling direction Dr represents a rocking 
direction around the axis in the length direction of the 
load beam 20, and the yawing direction Dy is a rocking 
direction around the axis in the normal direction in the 
load beam 20. 

[0078] The slider supporting member 32, which is 
connected to the flexure substrate 31 through the flexi- 
ble wiring substrate 33, that is, in particular, through the 
pair of elastic hinge portions 33d and 33e and the flexure 
top portion 33f, is maintained in flexible states in both of 
the pitching direction Dp and the rolling direction Dr. 
Consequently, the slider supporting member 32 and the 
slider 50 located thereon are allowed to have a degree 
of freedom in the pitching direction Dp and the rolling 
direction Dr. 

[0079] In this manner, the slider 50 is arranged so as 
to freely move in the pitching direction Dp as well as in 
the rolling direction Dr; therefore, even when the surface 
of the magnetic disk 70 that rotates at high speeds is in 
a waving state, it is possible to provide a sufficiently 
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good floating characteristic of the slider 50 with respect 
to the surface of the magnetic disk 70 P 
[0080] With respect to the slider 50 that moves freel* 
in either of the pitching direction Dp and rolZ?„2S 
Dr, rt is essential to allow it to smoothiy ro^ZtSZ 
compensation by uti.izing its free movements Sdi 
rect,on of pivotal movements is the yawing d rec«o n D t 

2,n 15 PS8d reSp ° nSe t0 the Peking compen- 
sSer 50 6 ma ' ntain, ' n9 *" Ptehin9 ™ oft he 

JSITL protrusion 28 °n the load beam 20 that 

[0082] As illustrated in FIG. 4 and FIG 5 the slider 
supporting member 32 is constituted by a main seS 
32a connected to the flexure top portion 3 2 

SKST* SUPP ° rtin9 P0 ^" ™ ™ i 
shder 50 on ,ts center of gravity or in the vicinity thereof 

by bemg bent from the center of the back edge ofThe 

main se ct,on 32a, and a pair of right and left mis bal 

ancTdVtat o°?th 32C ^ ^ *" * = > a 

pfa ^ an n d r th P e°,T; ^ * made ° f 3 Sheet ° f ™ a 
aSaSLn! t der ~ nter -°H>ravlty holding portion 
32b ,s formed by bending processes in the form of steps 
This sUder center-of-gravity holding portion 32b is a !" 
lowed to stick out in the norma, direction from the efe ! 
SZXV S "' der SUpp0rtin 9 mem "er 32. 
a^L,tri a r f T SS ba ' anCing P ° rti0ns 32c a " d 32d 
member 32 InZ tT™ X ° ^ SMer su PP^ing 
TJTr. ♦ ' the followina description will discuss 
the advantage of this structure 

EL ™ e , f ' exure tCp portion 33f is Provided with the 
lands 34a', 34b', 34c' and 34d' that are connected to he 
e^ctnode terminals 52a, 52b, 52c and 52d oT h S£ 
50. Therefore, the flexure top portion 33f needs to be 
reinforced. For this reason, the flexure top portion 33ns 

eunsnot preferable to allow the slider supporting menl 
nomo 0 ^° ntaCt P fe20ele otric member supping 

neeTto f^" 3315 ' ^ SM *^°«»9 member 32 
needs to freely move with respect to the piezoelectric 
member supporting portions 33a and 33b F°<3 13A 

££ 3 Z^ST f ° r tWS ™°ement 
FIG 13B rlT Sh ° WS 3 com P ara «ve exampie. In 
Inn « Ik '« C& nUmeral 32a ' is a mai " action hav- 
ing a short rectangular shape and 32b is a slider center 
of-gravrty ho.ding section. This shape satisfies h e con 
dit.on that the slider supporting member 32^^" 
•owed to contact the piezoelectric member s pporting 
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portions 33a and 33b. 

nn?f 6 J k Si " Ce,heslider 50hasitscenterof gravitysup- 
ported by the protrusion 28, the slider 50 i vS Z 

ever, m the case of a comparative example of FIG 1 3B 
rt .s not well balanced in its mass in the yawing d^ectS 

KiT 1 ing direc,ion cemered -C: 

tru S .on 28. The mass ,s biased toward the side in the K 
er 50 and the slider supporting member 32' are allowed 

er.v'se ^ 9ra h ly ; maSS ba ' ance needs t0 be Pmp 
th^H I 9 Wh ° le - ° the ™se, the parallel property of 
the shder 50 w rt h respect to the magnetic disk 70 isim 

' 5 f!? 87J ° rder to ensure a well-balanced state in its 
massmeitherofthepitching direction Dp and theroll 

ventTe n D ?r h l ° the pr ° trUSi0 " 28 ° W 

ventthe protrus.on 28 from contacting the piezoelectric 

member supporting portions 33a and 33b, a slider sup 

13A isr o r b H r f !! aVin9 8 Sh9pe aS sh ™" in FIG 
ino JLi ? Z " thiS arran 9 em ^t, the mass balanc^ 
ing portions 32c and 32d are extended from the main 
section 32a symmetrically in its right and left shapT 
They are extended from the main section 32a ouSrds 

he bY' 9 ' eft direCti ° nS ' and also e ^" d ed toward 
the base end side of the load beam 20. The mass baf 
ancng portions 32c and 32d are maintained To as noi 

30 1 ' thUS ' * ,S possible to ensure free well-bal- 
and heTd^n " ° f ^ 

[0088] Next, an explanation will be given of the thin 

* eleZT* memb6r Unit 4a As j "« in Fig" 
6 the th.n-f,lm piezoelectric member unit 40 is orovirf^ 

Lt:rt m dS° e,eC,nC memb6r Unlt 40 Wi " be de -ibed 
[0089] As illustrated in FIG. 3, the slider 50 has a slid 
er main body 51 made o, ceramics on which £ head 
°';;* d with 'our electrode terminals 52 a 52b 
Kcand52dconnectedtothehead 60 being embedded 
to Z « Sh T S ' Here ' ° ne P ° rtion thereof is exposed 
to the surface. With respectto the head 60, forexampfe 
a compos.te-type magnetic head, which is confuted 

GMrS t? 9 C ° nSiStin9 ° f an MR "ead 0?" 
GMR head util.zmg the magnetic resistance effect and 
^recording head consisting of an inductive head may 

55 £f!!°i 1716 UPP6r face of * e slider main body 51 is 
formed as an air bearing face 53. The air bearing face 
53 is arranged so that an airflow, generated by the nq h 
speed I rotations of the magnetic disk 70 (see FIG 5 s 
applied along the pitching direction (tangential dtctn 
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of the magnetic disk) of the slider 50 to form an air lu- 
bricating film between it and the magnetic disk 70. This 
air lubricating film allows the slider 50 to float over the 
surface of the magnetic disk 70 with a minute gap. 
[0091] Thus, explanations have been completed on 
the respective constituent elements such as the base 
plate 10, the load beam 20, the flexure 30, the thin-film 
piezoelectric member unit 40, the slider 50 and the head 
60. 

[0092] Next, explanations will be given of mutual re- 
lationships among the respective constituent elements. 
[0093] As illustrated in FIG. 1 and FIG. 2, the load 
beam 20 is integrally secured to the base plate 10 in its 
base end 21 through a beam welding, etc. The flexure 
30 is integrally secured to the load beam 20 except its 
top portion through a beam welding or a bonding agent. 
[0094] As illustrated in FIG. 1 (also see FIG. 2), the 
terminal holding section 33Y of the flexure 30 is secured 
to the base end 21 of the load beam 20, the substrate 
main section 33X is secured to the beam main section 
24 except a portion corresponding to the thin-film pie- 
zoelectric member unit 40 on its top end side, and the 
flexure top portion 33f is placed on the supporting sec- 
tion 25. At this time, a pair of right and left piezoelectric 
supporting portions 33a, 33b in the flexure 30 are not 
secured to the beam main section 24. Thus, the pair of 
piezoelectric supporting portions 33a, 33b are main- 
tained free without being secured so that the displace- 
ment (extension and contraction) of these piezoelectric 
supporting portions 33a, 33b is freely allowed. The dis- 
placement is generated by the first and second thin-film 
piezoelectric member units 40a and 40b. The slider sup- 
porting member 32 and the flexure top portion 33f are 
not secured to the beam main section 24. 
[0095] Moreover, as illustrated in FIG. 5, the protru- 
sion 28 of the load beam 20 is allowed to contact the 
slider center-of -gravity portion 32b that has been bent 
into a stepped shape in the slider supporting member 
32. To the load beams 20 are applied pressing forces 
exerted by the plate spring portions 27a and 27b on its 
base end side in the normal direction. These pressing 
forces are exerted on the slider center- of -gravity holding 
portion 32b from the protrusion 28. On the other hand, 
the slider 50 is pressed toward the slider supporting 
member 32 by the airflow on the surface of the magnetic 
disk 70 being rotated at high speeds. As a result, the 
protrusion 28 and the slider center-of-gravity holding 
portion 32b are allowed to make a point contact with 
each other, and with respect to the relative shift, a fric- 
tiona! force is exerted. The protrusion 28 of the load 
beam 20 is allowed to stick out upward from the lower 
side through the slit 33c between the pair of right and 
left piezoelectric member supporting portions 33a and 
33b. 

[0096] As illustrated in FIG. 9A and FIG. 9B, a pair of 
right and left thin-film piezoelectric elements 40a and 
40b of the thin-film piezoelectric member unit 40 are in- 
tegrally bonded to the pair of right and left piezoelectric 



member supporting portions 33a and 33b. With respect 
to the wiring connection to the thin-film piezoelectric 
member unit 40, the description thereof will be given lat- 
er. 

5 [0097] The slider 50 bearing the head 60 is integrally 
bonded and secured to the step-shaped slider center- 
of-gravity holding portion 32b of the slider supporting 
member 32 and the flexure top portion 33f (see FIG. 5). 
The front end lower edge of the slider 50 is bonded to 

to the flexure top portion 33f, and the geometric center of 
the lower face of the slider 50, that is, the center of grav- 
ity, is bonded to the upper face of the step-shaped slider 
center-of-gravity portion 32b. The electrode terminals 
52a, 52b, 52c and 52d (see FIG. 3) of the slider 50 are 

*5 electrically connected to the lands 34a', 34b', 34c', and 
34d' (see FIG. 4 and FIG. 8) in the flexure top portion 33f . 
[0098] As illustrated in FIG. 1, the slider supporting 
member 32 is inserted between a pair of right and left 
regulating sections 26a, 26b on the top portion of the 

20 load beam 20, and regulated in its position so that the 
protrusion 28 and the slider center-of-gravity holding 
portion 32b are not separated greatly from each other 
(see FIG. 10). 

[0099] The slider 50, the slider supporting member 32 
25 and the flexure top portion 33f are integrally formed as 
a subject of pivotal movements. This subject of pivotal 
movements is allowed to pivot around the protrusion 28 
of the load beam 20 as the center of pivotal movements, 
with being elastically deformed at the portions of elastic 
30 hinge portions 33d and 33e each having a necked 
shape. 

[0100] Next, an explanation will be given of a specific 
structure of the thin-film piezoelectric member unit 40. 
FIG. 6 is a plan view showing the thin-film piezoelectric 
35 member unit 40. FIG. 7 is a cross-sectional view taken 
along line A-A in FIG. 6. For convenience of explanation, 
in FIG. 7, the scale in the thickness direction is set to be 
greater than the actual scale. 

[0101] The thin-film piezoelectric member unit 40 is 

40 provided with a first thin-film piezoelectric element 40a 
and a second thin-film piezoelectric element 40b that 
are provided as right and left portions connected only at 
their foots with a tong shape through a slit 40c. 
[0102] The first thin-film piezoelectric element 40a 

45 and the second thin-film piezoelectric element 40b are 
the same in their structure. The structure is explained 
as follows: An upper thin-film piezoelectric element 41 
and a lower thin-film piezoelectric element 42 are 
stacked, and integrally joined to each other through a 

50 conductive bonding agent 43. The upper thin-film pie- 
zoelectric element 41 is formed by integrally forming a 
first electrode 41a and a second electrode 41b on both 
of the surfaces of a thin-film piezoelectric member 41 p, 
and in the same manner, the lowerthin-film piezoelectric 

55 member 42 is formed by integrally forming a third elec- 
trode 42c and a fourth electrode 42d on both of the sur- 
faces of a thin -film piezoelectric member 42 p. These 
electrodes are made of metal thin films. The conductive 
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nl Bim RG 9 e ™ 8s - 8 «»»* *» ««" along 

£0105] As illustrated in FIG. 6 FIG 7 Fir '° 
9B, connecting holes 4 5a and 8 dF,G ' 

[0106] As illustrated in FIG 9A and Fit? or h, *■ 

wire 35d. ' 4d and the 9 rou nd 3 ° 

[0108] As illustrated in FIG 8 and nr OD ■ „ 
thin-film piezoelectric element 4S^^ , ^? , ? 

wmmM- 

through a wire bond ,ine 46a. io * 

piezoelectric member-use wir^ „ ° onnesecon ° 
through a wire bond line 4 6b ^pectivety « 

^rnember-usew^ 

unit 40, ground metal films 47a 47b are to^oT 5T 
respective connecting holes i^"^^ 
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2nl„! i? er , S ' de ° f th6 Upper thin " f ^ PiezoeTectnc el 

[0111] As illustrated in FIG 9 tho 

H'«^oeiecrric member-use wire 35a th^ 

tended ^ 35C 3nd the ^ 
extended from the connecting portion 337 further ^ «. 

terminal holding section 33 Y 9 a P nd conSc 6d 0 a n ^ 
section 33Y. The external connecting lands 36 «nH £ 

to a high -e^po^T^^^^*^ 
minal holding section 33Y. 

[01 13] Next, an explanation will be given to an attach 

on the slider supporting member 32- *.,. «. 

and 52d of the slider 50 used for making connect 
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tions to the head 60 are connected to each other elec- 
trically as well as physically through a conductive bond- 
ing agent, etc. 

[01 1 4] By interpolating the sliding supporting member 
32 having the slider center-of -gravity holding portion 
32b between the load beam 20 and the slider 50, the 
following advantages can be obtained. 
[0115] The alternation in a specification of the mag- 
netic disk apparatus sometimes causes a difference in 
the relative orientation angle of the slider 50 with respect 
to the magnetic disk 70, in particular, in the inclination 
in the pitching direction. Not providing a solution for each 
of the specifications, the load beam 20 and slider 50 are 
set as commonly-used components and the dimension 
of the step difference and the like of the slider center- 
of-gravity holding portion 32b that has been subjected 
to bending processes into a stepped shape is adjusted 
intheslidersupporting member 32 so that the inclination 
angle in the pitching direction of the slider 50 is properly 
set; thus, it is possible to easily respond to the variations 
in a plurality of specifications. 

[0116] Next, an explanation will be given of the oper- 
ation of the head supporting mechanism 1 00 in the pre- 
ferred embodiment having the above-mentioned ar- 
rangement. 

[0117] FIG. 11 B and FIG. 11 C show examples of 
waveforms of voltages that are applied to the first thin- 
film piezoelectric element 40a on the left side and the 
second thin-film piezoelectric element 40b on the right 
side in a tracking compensation control in which in the 
case of off-track of the head 60 from a target track, the 
returning process to the target track is carried out. Vo 
represents a bias voltage that is equally applied to both 
of the right and left thin-film piezoelectric elements 40a, 
40b while the head 60 is maintained on the target track. 
[0118] In a tracking compensation control in the case 
of off-track of the head 60, voltages having mutually re- 
versed phases are applied to the first thin-film piezoe- 
lectric element 40a and the second thin-film piezoelec- 
tric element 40b. 

[0119] Pre-format information signals, such as a 
tracking-use servo signal, an address information signal 
and a reproducing clock signal, are preliminarily record- 
ed on the magnetic disk 70. The head 60, which faces 
the magnetic disk 70 rotating at a high speed with afine 
gap, reproduces the pre-format information signals, and 
transmits these to the head positioning control section 
8 shown in FIG. 1 9. The head positioning control section 
8 carries out predetermined operations based upon the 
tracking-use servo signal, generates a driving signal for 
the tracking compensation, and transmits this to the two 
thin-film piezoelectric elements 40a and 40b. Thus, volt- 
ages having mutually reversed polarities with respect to 
the bias voltage Vo as a reference are applied to the two 
thin-film piezoelectric elements 40a and 40b. 
[0120] When the head 60 has a positional deviation 
from the target track in the radial direction outside the 
magnetic disk 70, the voltage control is carried out in 



such a manner that, in period T-, shown in FIG. 11 B and 
FIG. 11C, the applied voltage to the first thin-film piezo- 
electric element 40a increases with respect to the bias 
voltage Vo and in synchronism with this, the applied volt- 
5 age to the second thin-film piezoelectric element 40b re- 
duces with respect to the bias voltage Vo. Thus, the 
head 60 is returned inside in the radial direction. Here, 
the head 60 is further displaced inside in the radial di- 
rection, exceeding the target track due to an overshoot 
at this time. Then, the controlling operation proceeds to 
an operation during period T 2 . 

[0121] In period T 2 , the voltage control is carried out 
in such a manner that in a manner reversed to period 
T 1s the applied voltage to the first thin-film piezoelectric 
element 40a reduces with respect to the bias voltage 
Vo, and in synchronism with this, the applied voltage to 
the second thin-film piezoelectric element 40b increas- 
es with respect to the bias voltage Vo. Thus, the head 
60 is returned outside in the radial direction. 
[0122] FIG. 12B schematically shows the structure 
shown in FIG. 12A. The piezoelectric member support- 
ing portion 33a on the left side and the first thin-film pi- 
ezoelectric element 40a form a first beam B1 , the pie- 
zoelectric member supporting portion 33b on the right 
side and the second thin-film piezoelectric element 40b 
form a second beam B2, the slider supporting member 
32 and the flexure top portion 33f constitute a link L, the 
protrusion 28 and the step-shaped slider center-of-grav- 
ity portion 32b constitute the center O of pivotal move- 
ments of the link L, the slider 50 forms an arm A1 that 
is an integral member with the link L having a length d, 
and the head 60 is located at the top of the arm A1 . 
[0123] The link L is allowed to freely pivot relatively 
on both of its ends with respect to the first beam B1 and 
the second beam B2. This movement is exerted by the 
elastic hinge portions 33d and 33e having a necked 
shape. The elastic hinge portions 33d and 33e consti- 
tute rocking fulcrums C1 and C2. The elastic hinge por- 
tions 33d and 33e have flexible structures in the pitching 
direction Dp, the rolling direction Dr and the yawing di- 
rection Dy of the slider 50, thereby giving a desired float- 
ing characteristic to the slider 50 with respect to the 
magnetic disk 70. Both of the beams B1 and B2 consti- 
tute a translational link mechanism. Here, the link mech- 
anism constituted by the two beams B1 and B2 are not 
necessarily limited to parallel links, and the parallelism 
of the two beams B1 and B2 is not essential as long as 
the two beams B1 and B2 are symmetrical. 
[0124] Forexample, as shown in FIG. 12A, during pe- 
riod T-| , in the case when the first thin-film piezoelectric 
element 40a contracts in the direction of arrow D in its 
length direction, the second thin-film piezoelectric ele- 
ment 40b is allowed to extend reversely in the direction 
of arrow E. During period T 2; the directions of the con- 
traction and extension are reversed from the above- 
mentioned directions. 

[0125] The extending and contracting forces of mutu- 
ally reversed directions of the first thin-film piezoelectric 
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element 40a and the second thin-film piezoelectric o, Q 
ment 40b are transmitted to the p*JSS!5S 

D fe lUed 6 rir 1 '" 9 ' ° rCe al0 " 9 the arrow dir ^ion 
extend^ force along the arrow 

33d 3? e T : erSide thr ° U9h the e,astic n-ge poSs 
33d 33e. Th,s movement takes place during period T 

£7rer: ,0d > head - sh «»<ing movement of the 

25£, P 06 m direC,i ° n r6Veraed <° arrow" 

JUf 1 ThS S "' der su PP0rt'n9 member 32 and the flex 
ure top portion 33f are integral members. The front Z 
lower edge of the slider 50 is fixedly bonded to tZ Z 

ZVITT 33f (S6e RG ' 5 >' its Strode temVnafc 
.and/Ua ^r'f da - re ^-VconnectedTthe 

toptrtbn 33f th!? r 34d ' 6,6CtriCally in the fle *^ 
toW i u 6r fa ° e ° f tne slider 50 ^ secured 

^r^ ld e r r **■ •* ^ prJSsrs 

>n the magnetic disk 70. Here in FIG 1?R h „I 
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beam face of the beam main section 24 The pressinn 

50 from the protrus.on 28 through the slider center nf 
my holding portion 32b as a bad. ThlstadTstet to 

exertedb^ 2 ° * 3 ° mN Newton). This loai s 
exerted between the protrusion 28 and the slider cente 

exeTd ST 9 ^it" ^ S ° that 9 «*n- SSL 
TJv tnarefore ' a,th ough the slider supporting mem 

mg as the center of pivotal movements it is frep fmm 

tion 32b «» h i. center -°f-9ravity holding per- 
son 32b are only allowed to contact each other and do 
not have any bearing structure; however the abl e 

» .n th ann9 StmCtUre " there is adverse effSt 

mgop erabonofthesliderSO. In addition , it is also XI 

tmsS P m ° Vement Centered «• *• Pro- 

[0129] A detailed explanation will be given of the oo 

» ZEt? W H h ' Ch thin - ,i,m P'^Jno elemen 4 0a 
on the left side is allowed to contract while the twL n 

22T* etemM 406 « - &~ CXS 

£ Th?t P •'" ,he F direction around the protru^n 

- Sdl ev SZT of this disp,aceme nt * 

*> 2 40b o°nT St ' When the tnin - fi,m ^electric el- 
ement 40b on the right side is allowed to extend the 
extending force is directly exerted on the eSc Lof 

sses °; the ri9ht side Tne CpoS 

33e is pushed toward the free end side so that the sHder 
supporting member 32 is displaced in thl c w 
- around the protrusion 28. Th^m L^n ^TT 
Placement is absorbed and a.leviated by the oomon of" 
he elastic hinge portion 33d on the left side 
-coated on the opposite side, with £ Z££££ 
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exerted on the thin-film piezoelectric element 40a on the 
left side that is allowed to contract. The reason for this 
is just because the elastic hinge portion 33d has a 
necked shape and constitutes the fulcrum C1 for rocking 
movements, as explained from the dynamical point of 5 
view. 

[0132] As a result, the pair of thin-film piezoelectric 
elements 40a, 40b allows the portion of the flexure top 
portion 33f that is located virtually closer to the free end 
side than to the pair of elastic hinge portions 33d, 33e 
to pivot around the protrusion 28, while virtually main- 
taining the symmetrical property with each other. In oth- 
er words, the extending and contracting operations of 
the pair of thin-film piezoelectric elements 40a, 40b, that 
is, the extending operation of one element and the con- 
tracting operation of the other, are smoothly achieved 
without any interference with each other. Consequently, 
it is possible to allow the slider supporting member 32 
and the slider 50 to smoothly pivot with less resistance 
by using a smaller driving force. 

[0133] Referring to FIG. 14A, an explanation will be 
given of the advantage of the fact that the slider sup- 
porting member 32 and the slider 50 are supported so 
as to freely pivot by the protrusion 28 placed on the free 
end side of the load beam 20. FIG. 14B and FIG. 14C 
show comparative examples. 

[0134] As illustrated in FIG. 14B, a suspension arm 
202 is attached to an actuator arm 201 through a sup- 
porting shaft 203 so as to freely pivot thereon, a slider 
204 is attached to the free end of the suspension arm 
202, and a pair of thin-film piezoelectric elements 205a, 
205b are attached to the actuator arm 201 ; thus, the sus- 
pension arm 202 is allowed to rock around the support- 
ing shaft 203 by the extending and contracting opera- 
tions of the thin-film piezoelectric elements 205a, 205b. 
[0135] The effective radius of the rocking movements 
of the head (not shown) installed on the slider 204 is set 
to L2 occupied by the suspension arm 202 located clos- 
er to the free end than to the supporting shaft 203 and 
the slider 204, which is considerably long. 
[0136] In contrast, in the case of the embodiment of 
the present invention, as illustrated in FIG. 14A, the 
head 60 installed on the slider 50 has its center of pivotal 
movements on the protrusion 28 that is placed at a po- 
sition sufficiently shifted toward the free end side in the 
length direction of the load beam 20. The effective radi- 
us of the pivotal movements of the head 60 is L1 , which 
is sufficiently shorter in comparison with the case shown 
in FIG. 14B. 

[0137] In the case of FIG. 14C, a load beam 302 is 
attached to an actuator arm 301 . The load beam 302 is 
constituted by a pair of elastic beams 302a, 302b and a 
connecting portion 302c of these. A slider 303 is at- 
tached to the connecting portion 302c. Thin-film piezo- 
electric elements 304a, 304b are affixed to the surface 
of the beams 302a, 302b. 

[0138] One of the paired thin-film piezoelectric ele- 
ments 304a, 304b is allowed to extend, while the other 



is allowed to contract so that, as illustrated in FIG. 14D, 
one of the paired beams 302a, 302b is allowed to extend 
while the other is allowed to contract. Thus, the slider 
303 is laterally displaced together with the connecting 
portion 302c of the pair of beams 302a, 302b. 
[0139] However, in this case, the beam 302b on the 
extending side acts on the other beam 302a through the 
connecting portion 302c so as to prevent it from con- 
tracting; in contrast, the beam 302a on the contracting 
side acts on the other beam 302b through the connect- 
ing portion 302c so as to prevent it from extending. In 
other words, not by pivotal movements around the piv- 
otal center, but by simultaneous actions between push- 
ing and drawing, the slider 303 is displaced laterally. 
That is, this arrangement causes a state in which a com- 
paratively large reactive force is generated. This ar- 
rangement requires a greater force, and fails to carry 
out a smooth displacement in the slider 303. 
[0140] In contrast, in the case of the embodiment of 
the present invention, pivotal movements are carried out 
by a translational link mechanism around the protrusion 
28 on the free end side of the load beam 20 serving as 
the center of pivotal movements, and the fulcrum for 
racking movements of the link mechanism is constituted 
by elastic hinge portions 33d, 33e so that it is possible 
to smoothly carry out the displacement of the slider 50 
by using a smaller force. 

[0141] In accordance with the embodiment of the 
present invention, by the above-mentioned interactive 
effects, it is possible to allow the head to make a fine 
displacement at high speeds with high precision without 
a delay in response, in the tracking compensating oper- 
ation. 

[0142] Next, an explanation will be given of the effects 
of the positional relationship between the protrusion 28 
in the load beam 20 that forms the center of pivotal 
movements and the pair of elastic hinge portions 33d, 
33e. 

[0143] Here, referring to FIGS. 15A to FIG. 15E, the 
explanation will be given. Reference numeral 80a is a 
fulcrum corresponding to the protrusion 28 of the load 
beam, 81a and 81b are first and second displacement 
members corresponding to the pair of thin-film piezoe- 
lectric elements 40a, 40b, reference numerals 82a and 
82b are first and second rocking fulcrums corresponding 
to the pair of elastic hinge portions 33d and 33e, and 
reference numeral 90 is a subject for pivotal movements 
corresponding to slider supporting member 32 and a 
slider 50. 

[0144] In the case of the embodiment of the present 
invention, as illustrated in FIG. 15A : when a straight line 
X is drawn in a right angle direction with respect to the 
center line Y of the load beam 80 passing through the 
center 80a of pivotal movements, the pair of rocking ful- 
crums 82a, 82b are located on the straight line X. In oth- 
er words, the middle point 82c of the rocking fulcrums 
82a, 82b is coincident with the fulcrum 80a. 
[0145] In the case of a comparative example shown 
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•n FIG. 15C, the pair of rocking fulcrums 82a a^k ^ 
separated from the straight line X. ZZ h an offset of 

when, as Hlustrated in FIG. 15D , the subjec 9 for p T 
row fS iS a !'° Wed 10 piVOt in the Section X 
81a is all t e ° USly 35 thS ,ifSt member 
second ? C ° n,raCt in the direction °f an-ow D the 
S i ? aCement member 81b is flowed to extend 

S^tSr, 0 !™ E ' ' n dir6Ct °P-«ons, the sub 
ect 90 for pivotal movements tries to pivot centered nn 
the > middle point 82c of ,he pair of rock!ng Sm^a 
82b. However, in fact, the actual center of pivotaTmove 
ments is placed on the fulcrum 80a due to a frcTional 
force at the contact point between the fulcrum 80a and 

thesub J ect90,or P ivota.movemen, S . D ue t osrha m r s 
matching ,n the transmission of ,he action force thepi 
o d, splace t members 81a 81 b are e Pair 

d,rect,on of arrow H opposite to the direction of arrow F 
Moreover, a frictional force is generated in the direction 

,n h!?T " 9enerated in t"e direction of arrow U 

~ 9 °f ' aUhecontact P°-t between thesub 2 

?hl se fo rm P J , m ° VementS and ,he 80a. 
h.,,! . T C ° Uple °' forces > with the result that as 
"ustrated ,n FIG. 15E, the load beam 80 is twisted !n 
the direction of arrow K. 'wisiea in 

[0147] m contrast, in the case of the embodiment of 

center l.ne Y, resulting in no twisting movement n the 
load beam 80. In other words, it is poLibleSctivliv 
carry out the transmission of the reaction fo°J anS* 

l"i 48] Next, an explanation will be given of an arh/ an 
tage obtained by the fact that the center ofg^Z 
subject for pivotal movements and the cJ£7XoM 
movements are coincident with each other. P 
[0149] As illustrated in FIG. 16A, in the case of th* 

cent £Z J6Ct , 9 ° PiV ° ,al ™emen,s «"d the 
center 80a of p.votal movements of the subject 90 for 
Pivotal m are cojncjdent wjth e -bject 90 for 

n f!g ^ 01 8 com P ar atrve example shown 

•n PIG. 1 6C, the center 80a of pivotal movements of »h„ 
subject 90 for pivotal movements hasTn offTet " mm *l 
cemer of gravity G of the subject 90 for^m™ 6 

[01 51] m the case of the comparative example an ex 

SlZ o voSf ^ ° f 30 OPerati0r, in -n^h the sub 
ject 90 of p lvota , movements js a||owed 

d,rec«,on of arrow F. As il.ustrated in FIG. ,6D simuSa 
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low.H f dis P ,acem ^t member 81a is al- 

lowed to contract in the direction of arrow D the second 
displacement member 81b is allowed to extend ?n the 
direction of arrow E. The subject 90 for 

Zt ,S a " 0 r ' ,0 r0tate centered °" th' fu»cmm 80a 
that ,s coincident with the middle point 82c of the oafr o^ 
rocking fulcrums 82a and 82b. The p^otal move men o 
this subject 90 for pivotal movements is exerS as a 

io cZsOa H 6 C6nter ° f **** G Centered - the fu, 
crum 80a. However, in the case when the center of orav 

ofarro^ 

°mh , If' ,S S6rVeS as an action for returning the 
- m ° VemenlS in th * -versed direc 

p'sation 9 e ' ay reSP ° nSe in the tracki "9 — 
[0152] In contrast, in the case of the embodiment of 
the present invention, as illustrated in FIG 16A The ul 
crum 80a that is coincident with the middle poin of the 
Z cirT 7 fU ' CrUmS 82a ' 82b is als ° coincident wlh 
ments th^lf ^ G °' SUbjSCt 90 for P-^a, move 

s,on of the active force is effectively carried out and it" 

of the present invention, V^^^SSSS 
ments 40a, 40b are affixed on the piezoelectric membe 
supporting portions 33a, 33b of L flexure 30 Tl Un 
the same manner, the head-use wire 34 is f om ~T 

Placed , as a combination of the third head wi e 34c he 
fourth head wire 34dandthe groundwire 3 5 7Thelick 
ness of these wires is made sufficiently large so as to 

Si ™h • thiCknSSS directio " ° f the flexure 
30 , s m aae co ,ncident with a neutral axis 40n of the thin 
him piezoelectric elements 40a 40b 

!Z oH e hi f s°a OWin9 Wi " diSCUSS a " a °- 

30n »„h °k arran 3 eme nt in which the neutral axis 
30n and the neutral axis 40n are coincident with each 
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[0155] FIG. 17BandFIG. 1 7C are comparative exam- 
ples each of which is provided with piezoelectric sup- 
porting portions 33a, 33b in which wires 34e and 34f are 
embedded, and on these are affixed thin-film piezoelec- 
tric elements 40a, 40b. Since the wires 34e, 34f are em- 
bedded inside the piezoelectric supporting portions 33a, 
33b, the neutral axis 30n of the flexure (elastic hinge) 
and the neutral axis 40n of the thin-film piezoelectric el- 
ements 40a, 40b has a step difference of At. 
[0156] FIG. 1 7D shows a state in which after voltages 
having reversed polarities have been alternately applied 
to the thin-film piezoelectric elements 40a, 40b, a me- 
chanical resonance is generated. This resonance gen- 
erates vibration 88 in the normal direction at the flexure. 
In the case of the comparative example, since the neu- 
tral axis 30n of the flexure and the neutral axis 40n of 
the thin-film piezoelectric elements has the step differ- 
ence of At, the step difference comes to form an arm 45 
of moment in the vibration. Then, the vibration of the 
flexure is amplified through the arm 45 so that a phe- 
nomenon is induced with the result that the elastic hinge 
portions 33d, 33e are vibrated in the direction of arrow 
M. This causes unnecessary movements in the pitching 
direction in the slider. 

[0157] In contrast, in the embodiment of the present 
invention, as illustrated in FIG. 9A and FIG. 17A, the 
neutral axis 30n of the flexure and the neutral axis 40n 
of the thin-film piezoelectric elements are coincident 
with each other so that no arm of moment is given; there- 
fore, even if the flexure 30 is vibrated by the mechanical 
resonance, it is possible to regulate its amplitude. As a 
result, the tracking compensation control is carried out 
at high speeds with high precision. 
[0158] Here : in the explanation of the above-men- 
tioned embodiment, in the flexure 30, the left side pie- 
zoelectric supporting portion 33a and the right side pie- 
zoelectric supporting portion 33b are separated from 
each other by the slit 33c; however, with respect to an- 
other arrangement beside this, these two piezoelectric 
supporting sections 33a, 33b may be integrally connect- 
ed to each other on a flat face. In this case, it is possible 
to provide a function for regulating unwanted vibrations 
in the normal direction in the thin-film piezoelectric unit 
40. 

[01 59] With respect to the step-shaped slider center- 
of-gravity holding portion 32b of the flexure 30, instead 
of the bending process of the slider supporting member 
32 into a stepped shape, as illustrated in FIG. 1 8, simul- 
taneously as the patterning of the wiring is carried out 
on the wiring substrate 33, protrusions may be formed. 
In this arrangement, in the flexure top portion 33f, a por- 
tion facing the slit 33c is expanded toward the slit 33c 
side, and on its expanded portion 33g, a protrusion 33h 
which supports the slider 50 so as to freely pivot on its 
center of gravity or in the vicinity thereof is formed. Al- 
though this arrangement is inferior in its applicability to 
a plurality of specifications, it is possible to eliminate the 
bending process for the stepped shape. 



[0160] While there has been described what is at 
present considered to be preferred embodiments of the 
invention, it will be understood that various modifica- 
tions may be made therein, and it is intended to cover 
5 in the appended claims all such modifications as fall 
within the true spirit and scope of this invention. 
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Claims 

1 . A head supporting mechanism comprising: 

a slider on which a head for recording and re- 
producing data on and from a recording medi- 
um is installed; 

a slider supporting member for supporting said 
slider; 

a slider supporting beam a base side of which 
is attached to an actuator arm and a free end 
of which is provided with said slider supporting 
member so as to freely pivot thereon; and 
a displacement member which makes a dis- 
placement so that said slider supporting mem- 
ber is allowed to pivot together with said slider. 



25 



2. The head supporting mechanism accordingto claim 
1, wherein said slider supporting member is sup- 
ported by said slider supporting beam at a position 
corresponding to a center of gravity of said slider or 

30 in the vicinity thereof. 

3. The head supporting mechanism accordingto claim 
1, wherein: a pair of displacement members are 
placed in a symmetric manner with respect to a 

35 center line along the length direction of said slider 
supporting beam passing through the center of ro- 
tation of said slidersupporting member, and with re- 
spect to extending and contracting operations of the 
pair of displacement members, either one of them 

40 is extended, with the other being contracted, so that 
they are allowed to carry out respective operations 
in directions opposite to each other. 

4. The head supporting mechanism accordingto claim 
45 1 1 wherein: said slider supporting beam is formed 

as a load beam having an elasticity, and said load 
beam and said slider supporting member are con- 
nected to each other through a flexure for providing 
wiring to said head in said slider, and a protrusion 
so placed on a free end of said load beam is allowed 

to contact said slider supporting member so that 
said protrusion supports said slider supporting 
member so as to freely pivot thereon centered on 
said protrusion serving as a pivotal center. 

55 

5. The head supporting mechanism accordingto claim 
4, wherein said displacement member is constitut- 
ed by a thin-film piezoelectric member affixed to 
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said flexure. 



7. 



8. 



The head supporting mechanism according to claim 
4, wherem ,n said flexure, at two portions that are 
symmetncal with respect to the center line ofsa d 

If l, t am h PaSSin9 thr ° U9h said P rotr ^ion, a pair 
of elastic h,nge portions, each having a necked 
shape, are formed. 9 ed 

The head supporting mechanism according to claim 
6 wherem said pair of elastic hinge portions are 

with respect to the center line of said load beam 
which passes through said protrusion. 

Theheadsupportingmechanismaccordingto claim 
8 ° f ,hin " f " m piezoele <™c element 
Z Kr? diSp,acement ^bers, said 
pa. of h,n- ,lm p.ezoelectric elements being sym- 

2JS? b p ced 5" respect 10 the center ' ine °< 

said load beam, while passing through said protru- 

sion^aidpairofthin-fi.mpiezoelectricelementsare 

,no and T fleXUre ' With reS > eCt to ^"ri- 
ng and contract.ng operations in said pair of thin- 

f. m , piezoelectric elements, either one of said pair 

the oth m h PieZOe,eCtriC e ' ements is extend ^ with 
the other be.ng contracted so as to carry out oper- 
ations ,n mutually reversed directions 
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tion is formed by a bending process. 
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13. The headsupporting mechanism accordingto claim 
10 w h e re ,n said slider center-of-gravity holding 
sechon ,s formed by integrally molding it together 
w h a |djng process of a win . ng . use ? |exjb| f s ther 

strate of said flexure. 

14. The headsupporting mechanism according to claim 
6 wherein said pair of elastic hinge portions 2 
p aced within a slider area range of'Jd Sr in a 
stacking direction of said slider and said slider sup 
porting member. H 



15. The headsupporting mechanism accordingto claim 
5, wherem said thin-film piezoelectric member™ 
constituted by a p,urality of the thin-film piezoeTec 
tnc elements that are stacked, with voltage-app.y- 
jng directions of a plurality of the thin-film piezoe- 
lectric Cements being set opposite to each other 

16. Jheheadsupportingmechanismaccordingtoclaim 
8 wherem with respect to said pair of thin'fi.m pT 
zoelec trie members, a bias voltage is applied in its 
mtia conditions, and based upon said bias vottagf 

vottageshavmgmutuallyreversedpolaritiesareap- 
Pl.ed m its extending and contracting operations 
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The head supporting mechanism according to claim 

ooIri rem T< S "' der SUPP ° rtin 3 mem "er * sup 
portedsoastofreelypivotonapositionofthecem- 
er o gravrty of an entire subject of pivotal move- 
ments comprising said slider and said slider sup- 
porting member. H 

10. The head supporting mechanism according to claim 
4 wherem said slider supporting member* cons,? 
uted by a mam section to be connected to said flex- 
ure and a slider center-of-gravity holding section 
satf center-of-gravity holding section being succes 
s.vely connected to the main section so as to allow 
he protrusion on said load beam to contact and to 
Ijx^id slider in te center of gravity or in the Sy 

1 1 - The head supporting mechanism according to claim 

he mas 3 T ba ' anCing Se ° ti0n for bal ^ng 
the mass of sa,d main section with respect to said 

sl.de center-of-gravity holding section, in addition 
o said ma ,n sect.on and said slider center-of-grav- 
ify holding section. a 
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40 



45 



19. 



20. 



I wn^l PP ' n9meChaniSmaCCOrdin 9 toc| a-rn 
4 wherem wires m said flexure are placed along 
end edges of said flexure on both of outsides of said 
thm-film p,ezoelectric member that is bonded to the 

The headsupporting mechanism accordingto claim 
7, wherem said flexure and said thin-film piezoe 
ectnc member are arranged so that neutral axes on 
the center ,n a thickness direction of the two mem- 
bers are set to be virtually coincident with each oth- 

The headsupporting mechanism accordingto claim 

LT.n n h Said thin - f " m ptez ° e| ectric member Ts 
coated with a protection member. 

The headsupporting mechanism accordingto claim 
6 wherem a wire is allowed to pass through «E 
pair of elastic hinge portions. 



12. The head supporting mechanism according to claim 
10, wherem said slider center-of-gravity holdZ 
section has an arrangement in which'a portion sTc 
oessively extending integrally from said main sec- 



20 wherein P t P H ^° rt,n9mecha — cording to c.aim 

hin'Jn T PaSSin9 thrOU 9 h the Mastic 

hinge portions ,s set to have a thickness greater 
than a width. yweuer 
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(54) Head supporting mechanism 

(57) A load beam (20) is attached to an actuator arm 
that is allowed to rock around a pivotal axis by a voice 
coil motor, etc., as a slider supporting member, the base 
end of a flexure (30) is attached to the load beam (20) 
with the free end thereof being left, a slider supporting 
member (32) is attached to the top portion of the flexure 
(30), a slider (50) on which a recording/reproduction 
head (60) is installed is secured to the slider supporting 
member (32), and the slider supporting member (32) is 
supported by a protrusion (28) placed on the free end 
side of the load beam (20) so as to be freely pivot ther- 
eon. Portions of the flexure (30) corresponding to both 
of the sides of this protrusion (28) are constituted by 
elastic hinge portions, each having a necked shape. A 
pair of thin-film piezoelectric elements (40a : 40b) are 
bonded to the flexure (30) as displacement members. 
In a tracking compensation operation of the head, forces 
are exerted on the slider supporting member (32) 
through the elastic hinge portion by extending and con- 
tracting operations of the pair of thin-film piezoelectric 
elements so that the slider (50) is allowed to pivot 
around the protrusion (28) of the load beam serving as 
the center of pivotal movements, together with the slider 
supporting member (32). 



FIG. 2 
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